Lead poisoning resulting from lead shot ingestion has long been recognized as an important source of mortality for waterfowl (Bellrose 1959) and many aspects of the disease have been well documented (Sanderson and Bellrose 1986, Pain 1992 ). Historically, Bellrose (1959) and Feierabend (1983) estimated that lead poisoning killed 1.6-3.9 million waterfowl in North America when fall flights ranged between 80 and 130 million birds. As a result of these losses, lead poisoning in waterfowl populations and secondary poisoning of other species such as the bald eagle (Haliaeetus leucocephalus) has generated considerable controversy. In response, 1 E-mail: michaeLsamuel@usgs.gov Lead poisoning resulting from lead shot ingestion has long been recognized as an important source of mortality for waterfowl (Bellrose 1959) and many aspects of the disease have been well documented (Sanderson and Bellrose 1986, Pain 1992 ). Historically, Bellrose (1959) and Feierabend (1983) estimated that lead poisoning killed 1.6-3.9 million waterfowl in North America when fall flights ranged between 80 and 130 million birds. As a result of these losses, lead poisoning in waterfowl populations and secondary poisoning of other species such as the bald eagle (Haliaeetus leucocephalus) has generated considerable controversy. In response, 1 E-mail: michaeLsamuel@usgs.gov nontoxic shot zones were established in portions of the Mississippi flyway beginning in 1977, and in 1991 mandatory use of nontoxic shot for waterfowl hunting went into effect throughout the United States. These efforts were designed to reduce the availability of lead shot; however, decades of hunting have resulted in high densities of lead shot remaining on some areas (Sanderson and Bellrose 1986, U.S. Fish The recent decline in the North American black duck population has generated considerable management concern (Rusch et al. 1989 ). We compared the distribution of blood lead concentrations for exposed birds sampled during the period proceeding nontoxic shot regulation (1986-88) and following implementation (1997-99). We found similar concentrations of lead in exposed birds sampled 10 years ago and those recently sampled for Cross Creeks Na Friend 1985) , mortality events provide only a limited picture of lead poisoning. However, in addition to lead exposure studies, these data indicate that lead poisoning has declined following the nation-wide conversion to nontoxic shot.
Our data for black ducks wintering in Tennessee also support the conclusion that lead exposure has declined following the 1991 United States ban on toxic lead shot for waterfowl hunting. We found that prevalence of lead exposure declined by 44% between 1986-88 and 1997-99. This decline primarily occurred in adult black ducks, where prevalence declined by 63%, but a decline was not evident in juveniles. We can only speculate that differences in lead exposure between adults and juveniles may be related to differences in food habits, habitat use patterns, or habitat competition between paired adults and unpaired juveniles. We suggest that monitoring for lead exposure be conducted periodically to determine whether lead exposure continues to decline, especially in juvenile ducks.
MANAGEMENT IMPLICATIONS
Studies on lead exposure in black ducks wintering in Tennessee, lead shot ingestion in the Mississippi flyway, and information on lead poisoning mortality events indicate that lead exposure in ducks has declined following the conversion to nontoxic shot. Although the amount of reduction is difficult to estimate, a 50% reduction may represent a reasonable, if not conservative, estimate of the reduction of lead exposure in ducks in the Mississippi flyway, based on results from these studies. However, it should be noted that these reductions have occurred despite the persistence of lead shot in the sediments of some wetland areas. Based on current trends, we believe that lead exposure will continue to decline as lead shot use is reduced in Canada, as residual lead in wetlands is reduced, and as proportionally more nontoxic shot is available for ingestion by waterfowl.
Lead poisoning mortality in waterfowl has undoubtedly been reduced from the estimated levels . 1992) , where lead poisoning was considered an additive mortality factor, Samuel (1992) estimated that a 50% reduction in lead ingestion might produce an average annual mallard population growth rate of 4.5%. Further research will be needed to determine whether lead exposure continues to decline and to assess whether the nation-wide ban on toxic shot has a beneficial impact on waterfowl populations.
